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Abstract. We present the results of a 7 year long photo-
metric monitoring of two components (A & B) of UM
425, thought to be images, separated by 6.5
00
, of the
same z = 1:47 quasar. These components have been im-
aged through an R lter in order to obtain their light
curves. The photometry was obtained by simultaneously
tting a stellar two-dimensional prole on each compo-
nent. The brightest image (component A, m
R
= 15:7)
shows a slow and smooth increase in brightness of 0.2
magnitude in seven years, while the faintest one (com-
ponent B, m
R
= 20:1) displays an outburst of 0.4 magni-
tude which lasts approximately two years. The variation
of component B may be interpreted in two ways, assuming
UM 425 is gravitationally lensed. If it is due to an intrinsic
variation of the quasar, we derive a lower limit of 3 years
on the time delay from the fact that it is not observed in
component A. On the other hand, if it is a microlensing
\High Amplication Event", we estimate the size of the
source to be  10
 3
pc, in agreement with standard mod-
els of AGNs. These observations are consistent with the
gravitational lens interpretation of the object.
Furthermore, all the CCD frames obtained under the best
seeing conditions have been co-added, in an attempt to
detect the deector. The nal R image reveals a rich eld
of faint galaxies in the magnitude range m
R
 22   24.
No obvious deector, nor any system of arcs or arclets is
detected, down to a limiting magnitude of m
R
 24.
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1. Introduction
Since the discovery of the rst gravitationally lensed
quasar, Q 0957+561 (Walsh, Carswell & Weymann 1979),
14 conrmed or highly suspected systems have been found
(e.g. Surdej & Soucail 1993). Their photometric monitor-
ing may yield important results, both for the study of the
physical properties of quasars and for the determination
of cosmological parameters.
For example, on one hand, a variation of the intrinsic lumi-
nosity of the source will be seen at dierent epochs in the
dierent images. The measurement of this time delay, to-
gether with the knowledge of the system's geometry, the
redshifts of the source and the deector, and the mass
distribution in the deector, can be used to determine the
Hubble constant H
0
(Refsdal 1964a,b).
On the other hand, brightness variations of one of the
lensed images may be caused by a microlensing phe-
nomenon. This occurs when a compact object (e.g. a star
in the lensing galaxy) crosses the light path to one of the
images (Chang & Refsdal 1979). The most characteristic
feature of this microlensing is the so-called \High Ampli-
cation Event", showing up as a peak in the light curve
of the image aected. The width of the peak corresponds
roughly to the time needed for the star to cross the light
beam. It can thus be used to estimate the angular size of
the source (e.g. Rauch 1993).
The present paper describes the results of a photometric
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Fig. 1. Field of 1:7
0
3:0
0
around UM 425. North-East is to the
upper-left. This image is a combination of 29 R images used to
obtain the light curves. The limiting R magnitude is about 24.
The arrows show UM 425A, UM 425B, as well as the reference
star (S), used to derive the photometry.
monitoring campaign carried out for the gravitational lens
candidate UM 425 which is a system showing two images
with the same redshift z=1.47, separated by 6.5
00
on the
sky (Meylan & Djorgovski 1989). Despite the large angu-
lar separation, and although no lensing galaxy has been
detected yet, the similarity of the spectra makes this sys-
tem a good gravitational lens candidate.
2. Observations
A number of CCD images of UM 425 have been ob-
tained at ESO-La Silla from 1987 to 1994, mainly during
the ESO Key-Programme on gravitational lenses (Surdej
et al. 1989). The images were obtained with the 1.5-m Da-
Table 1. List of observations of UM 425 available from 1987
to 1994. 32 useful frames, out of this list of 53 images, were
used. All the images used for the analysis are indicated by an
asterisk, in the \Tel" column.
Date Tel CCD pix Exp Sky Seeing
num (
00
) sec e
 
(
00
)
1987.32 2.2m 5 0.351 60 805 1.1
00 00
*
00 00
300 3925 1.3
1988.39 2.2m* 5 0.351 300 6205 1.3
00 00
*
00 00
300 6275 1.2
1989.27 1.5m 5 0.467 600 2520 1.4
00 00
*
00 00
300 635 1.4
1989.34 1.5m 5 0.467 (?) 13400 2.4
1989.45 1.5m* 5 0.467 180 10430 1.3
00 00 00 00
480 28380 1.4
1990.01 1.5m* 11 0.232 600 11350 1.0
00 00
*
00 00
600 1888 1.0
1990.15 1.5m 15 0.232 1200 3180 0.9
00 00
*
00 00
300 1935 0.9
1990.16 3.5m* 17 0.153 300 688 0.8
00 00 00 00
500 1127 0.8
1990.21 2.2m 11 0.175 600 1510 1.0
00 00
*
00 00
600 1525 1.0
1990.33 1.5m* 15 0.232 900 23860 1.4
00 00
*
00 00
900 18270 1.4
1990.37 3.5m* 17 0.153 240 745 1.2
00 00
*
00 00
240 715 0.9
00 00
*
00 00
120 325 0.7
00 00
*
00 00
120 325 0.7
1990.45 1.5m 5 0.467 900 8760 0.8
00 00 00 00
300 2760 0.8
1990.47 1.5m 5 0.467 900 11170 0.9
00 00 00 00
300 3480 0.9
00 00 00 00
120 1380 0.9
1990.48 1.5m 5 0.467 900 19715 1.1
00 00 00 00
120 2640 1.2
1990.97 1.5m 5 0.467 900 8710 1.2
1991.12 1.5m 5 0.467 60 670 1.0
00 00
*
00 00
240 1810 1.0
00 00
*
00 00
240 1810 0.9
00 00
*
00 00
240 1790 0.9
1991.14 1.5m* 15 0.232 1200 3140 1.0
1991.30 1.5m 5 0.467 60 1105 1.0
00 00
*
00 00
480 5510 1.2
00 00
*
00 00
300 7790 1.1
00 00
*
00 00
600 11280 1.5
1991.36 3.5m 24 0.316 120 5250 1.3
00 00
*
00 00
240 11050 1.3
1991.44 1.5m 5 0.467 600 6300 1.1
00 00
*
00 00
300 3060 1.4
1992.08 1.5m 7 0.340 60 950 1.0
1992.10 1.5m* 13 0.232 600 295 1.2
00 00
*
00 00
600 285 1.3
1992.11 1.5m* 13 0.232 1200 6310 1.4
1993.08 1.5m* 28 0.371 600 2760 1.4
00 00
*
00 00
300 1440 1.3
1994.24 1.5m* 28 0.371 180 14730 1.0
1994.35 3.5m 36 0.268 900 8230 0.8
00 00
*
00 00
300 2775 0.8
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nish, the 2.2-m MPI/ESO and the 3.5-m New Technology
Telescope (NTT). Table 1 gives the date of each observa-
tion, the telescope used and the number of the ESO CCD
mounted on the instrument. The pixel size in arcseconds
per pixel is also given, as well as the exposure time in
seconds, the sky level in electrons and the seeing in arc-
seconds. Since component B is quite faint, a Bessel R lter
has been used in order to maximize the eciency of the
observations.
During the seven years of the photometric monitoring,
53 frames were obtained. Most of the observations were
achieved during the ESO Key-Programme on gravita-
tional lenses and the frequency of the observations reached
about one image per week during a few periods.
The main problem encountered in obtaining reliable data
was mainly due to the large dierence in brightness be-
tween the two components. So, the exposure time was
chosen in order to have enough signal in the faint im-
age, without saturating the bright one. The few saturated
images were not retained for the analysis, nor were those
for which image B was underexposed. The light curves of
the A and B images have been obtained by comparison
with the only useful reference star present on all frames
(see Fig. 1).
3. Data reduction
Since the period of observation covers several years, and
since it includes numerous telescope/detector congura-
tions as well as variable weather conditions, the quality of
the data is inhomogeneous. The same reduction procedure
was nevertheless applied to all frames.
After bias subtraction and division by a at-eld, the sky
level was estimated by tting a low order polynomial sur-
face through a number of \sky windows" selected interac-
tively, and then subtracted. All the images with obvious
defects after reduction, i.e. with imperfect at-eld cor-
rection or with artefacts produced by reections of the
moonlight on metallic parts of the telescope, were not in-
cluded in the analysis. Some images with strong column
osets (CCD ESO#15) were not taken into account either.
Finally, 32 frames were eectively useful for the photome-
try of the two images of UM 425.
In addition, a problem specic to CCD ESO #5 had to
be corrected before any other treatment could be applied.
The non-linearity of this CCD forced us to apply the fol-
lowing correction to all the frames taken with CCD #5,
provided that the signal was higher than 4000 ADUs:
I
corrected
=
I
raw
1:0382  9:5565  10
 6
 I
raw
; (1)
where I
corrected
is the intensity of a given pixel in the
frame and I
raw
is the intensity of this pixel in the raw
image (in ADUs). This formula was derived by Magain et
al. (1992).
Although the separation between the two images is rather
large ( 6:5
00
), it is not yet entirely sucient to avoid mu-
tual contaminations. Thus, aperture photometry does not
give reliable results, and therefore a prole tting method,
developed by Remy (1995), must be preferred. This pro-
cedure allows to t analytical or numerical functions, de-
pending on a number of parameters, onto the image by
minimizing the 
2
.
The proles tted on the objects are two-dimensionalMof-
fat proles (Moat 1969) with elliptical isophotes. The ex-
pression of one prole is given by the following formula:
I(x; y) = P
1
 [1 + (
x  P
2
P
4
)
2
+ (
y   P
3
P
5
)
2
 2  P
6
 (
x  P
2
P
4
)  (
y   P
3
P
5
)]
 P
7
; (2)
where (x,y) are the coordinates of the pixels, P
1
is the
prole intensity, P
2
and P
3
are the coordinates of the cen-
ter, P
4
, P
5
and P
6
are the length, width and orientation
of the elliptical isophotes of the 2-D Moat prole. The
value of exponent P
7
is xed at 3.5, which generally gives
the smallest residuals after subtraction of the synthetic
prole from the image.
The t is obtained in two steps:
1. We determine parameters P
4
, P
5
and P
6
by tting a
single two-dimension prole on the reference star S
(Fig. 1).
2. These parameters are used to t simultaneously two
Moat proles onto UM 425A and UM 425B, keeping
the other 3 parameters free for each prole.
As the shape of the prole is the same for the reference
star and for UM 425 (i.e. the same parameters P
4
, P
5
and
P
6
), the photometry is obtained by comparing the values
of parameter P
1
of the 3 tted proles. We also made
the same kind of study with a numerical Point Spread
Function constructed from the image of stars in the eld.
The results obtained are very similar to those obtained
from the t of 2-D Moat proles.
The uncertainties due to the t and to the readout noise
are quite negligible, at least in the faint component, in
comparison to the uncertainties introduced by the photon
noise. Thus, a good estimate of the relative 1 error bars
can be given, for this image, by:
F
F
=
p
F
QSO
+ F
sky
F
QSO
; (3)
which is the photon noise in Poisson statistics. F
QSO
is the
ux coming from the object and F
sky
is the ux from the
sky, in an area equal to the size of the objects (Full Width
at Zero Intensity) on the CCD. The fact that the Moat
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prole is not a perfect representation of the Point Spread
Function (PSF) can introduce a bias in the estimate of
the uncertainties on the bright component. We have only
considered here the uncertainties due to the photon noise.
4. Light curves - Discussion
The photometric data obtained as described in the previ-
ous section are presented in Fig. 2. From top to bottom are
given, the light curve of UM 425B relative to UM 425A
and the independent light curves of UM 425B and UM
425A relative to a reference star (see Fig. 1) in the eld.
The scatter in the data points shows that the estimated
error bars are realistic for the faint component, but that
they are underestimated for the brightest one, as expected.
The relative light curve displays a strong peak in intensity.
The fact that the variation is present in the light curve of
B relative to A, as well as that of B relative to the refe-
rence star S, indicates that it is due to a variation of UM
425B itself.
On the other hand, we cannot exclude that the slow va-
riation in the light curve of UM 425A (0.2 magnitude in
7 years) may be due to a variation of the reference star S,
since the light curve of UM 425B seems to show the same
smooth slope outside the strong peak. However, such a
variation is not typical of stellar variability.
The strong peak present in the light curve of the B image
can be interpreted in two ways. First, it could be due to
an intrinsic variation of the quasar, in which case the fact
that a similar peak is not observed in the light curve of the
A image allows to set a lower limit on the time delay and,
thus, an upper limit on the Hubble constant, if UM 425
is a gravitationally lensed system. The second interpreta-
tion is in terms of a microlensing event caused by a star in
the deecting galaxy. Both hypotheses will be examined
in turn.
4.1. Intrinsic variation of the source
Assuming an intrinsic variation of the quasar luminosity,
our observations would indicate a lower limit of 3 years on
the time delay in this system, because the variation is not
observed in UM 425A. A rough upper limit on the Hub-
ble constant H
0
can be estimated by using a point mass
model for the deector. As the deector is not detected
(see next section) in the case of UM 425, the geometry
of the system is not precisely known. However, the large
angular separation between the components of UM 425,
and their large dierence in brightness, suggest that the
deector is very close (angle-wise) to UM 425B, at least if
this deector can be approximated by a point mass (Kas-
siola & Kovner 1992, Refsdal & Surdej 1994).
The dierence between the spectrum of UM 425B and the
scaled version of UM 425A leaves a residual, that Mey-
lan & Djorgovski (1989) interpret as the spectrum of the
lensing galaxy with a redshift z
d
 0:6. For a point mass
deector, the Hubble constant can be deduced from the
time delay by the following formula (Refsdal & Surdej
1994):
H
 1
0
=
2(z
s
  z
d
)t
z
s
z
d

AB
(
A
+ 
B
)(2  )
: (4)
where z
s
and z
d
are the redshifts of the source and of
the deector, respectively, and t is the time delay. 
AB
is the angular separation between the images A and B of
the quasar and 
A
, 
B
are the angular separations between
the deector and each image. The value of  depends on
the nature of the adopted deector. We thus have  = 0
for a point source and  = 1 for a SIS model. As we do not
see the deector, these two angles remain unknown but,
as the deector is expected to be very close to UM 425B,
we can assume that 
B
 0 and that 
A
 
AB
. Equation
(4) then becomes:
H
 1
0

2(z
s
  z
d
)t
z
s
z
d

2
AB
(2  )
: (5)
With a lower limit of 3 years on t, we derive an upper
limit for the Hubble constant consistent with any recent
estimate of H
0
(H
0
< 360 kms
 1
Mpc
 1
!).
Finally, had we assumed another lens model, such as an
SIS model (Singular Isothermal Sphere), which is a rea-
sonable representation of an elliptical galaxy, the upper
limit on the Hubble constant would be two times smaller,
which is again too high to give a useful constraint on H
0
.
The large angular separation between the components of
UM 425 implies that the time delay expected for this sys-
tem is quite long. Indeed, assuming a point mass model
and that 50 km s
 1
Mpc
 1
<

H
0
<

100 kms
 1
Mpc
 1
,
one gets 10 years
<

t
<

20 years. It is thus not surpris-
ing that our lower limit on the time delay (3 years) leads
to a Hubble constant consistent with all recent estimate
of H
0
. In addition, an intrinsic variation of the source is
expected to occur in UM 425A rst and, then in UM 425B
(Schneider et al. 1992, Refsdal & Surdej 1993). So, equa-
tion (5) suggests that a peak of intensity observed in the
light curve of UM 425A, 10 to 20 years before 1990 would
be in good agreement with the hypothesis of an intrinsic
variation of the source. Old data, for example taken from
Schmidt plates, could be useful in order to know if such
an event ever occured in UM 425A.
4.2. Microlensing event
As indicated above, the hypothetical deector is expected
to be very \close" to UM 425B, hence increasing the pro-
bability that a star crosses the light path to component B
of the quasar. Its apparent brightness could then increase
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Fig. 2. From top to bottom: (top) light curve of UM 425B relative to UM 425A, from April 1987 to May 1994; (middle) light
curve of UM 425B, and (bottom) light curve of UM 425A relative to the reference star S. The comparison between the curves
of UM 425A and UM 425B clearly shows that the intensity peak in the relative light curve is real and is, in fact, only due to
component B. One-sigma error bars are indicated (see text).
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through microlensing amplication.
Assuming that the strong increase in the light curve of
UM 425B is due to a microlensing \High Amplication
Event", and assuming a typical transverse velocity of V
t
=
600 kms
 1
for the star in the deecting galaxy (Schneider
et al. 1992), an estimate of the size X of the emitting
region in the quasar can be derived from the duration of
the \peak", t  2 years:
X  V
t
 t 
D
s
D
d
; (6)
where D
s
is the distance from the source to the observer,
and D
d
the distance between the observer and the de-
ector. The distances used are the \angular diameter dis-
tances" (Refsdal 1966). The peak of intensity lasts for 2
years (FWZI), thus, assuming that q
0
= 0:5 and H
0
=
75 kms
 1
Mpc
 1
we obtain a diameter of  2  10
 3
pc
for the amplied source, which is compatible with the size
of an accretion disk, according to the standard models of
AGNs (e.g. Blandford, Netzer & Woltjer 1990) and, thus,
is in good agreement with the interpretation of the ob-
served peak in terms of a microlensing \High Amplica-
tion Event".
However, the conrmation of a microlensing event would
need further investigation, especially via spectroscopy, in
order to detect variations in the line/continuum ratio in
component B, if such an amplication occurs again.
The microlensing hypothesis can also be checked by
analysing the light curve of UM 425 on a much longer
time scale, by continuing the monitoring. If such peaks
of intensity were observed only in the light curve of UM
425B, this would support the microlensing hypothesis (or
the fact that UM 425 is not a lensed system).
5. Deep imaging of the eld of UM 425
The frames obtained for the monitoring programwere also
co-added in order to try to detect the deector or any
faint object close to the quasar images. For that purpose, a
weighted sum of these images was constructed, the weights
being computed in order to optimize the detection of faint
features. These adopted weights are, in fact, proportional
to the ratio of the central intensity of a stellar image (the
same star for all the images) to the standard deviation in
the sky background. They thus correspond to the central
Signal to Noise ratio in faint objects and roughly optimize
their detection.
The nal image is presented in Fig. 1. The equivalent ex-
posure time is about one hour with a 4 meter class tele-
scope. The faintest objects visible on this image have a
magnitude of m
R
 24. This limiting magnitude is the
magnitude of the faintests objects in the eld, above a
level of 3
sky
. Fig. 3 shows an enlargement of the cen-
tral part of Fig. 1. The pixel size is 0:
00
175 and the seeing
Fig. 3. Field of 45
00
45
00
around UM 425. North-East is at the
upper-left, and UM 425A is the brightest object in the center
of the eld. The pixel size is 0:
00
175 and the seeing (FWHM) is
1
00
. All the objects are labelled as indicated in the text. The
arrows point to the faint feature, north of UM 425A (see also
Fig. 4).
(FWHM) is about 1
00
.
At least four objects closer than 10
00
from UM 425A are
detected. Their magnitudes are given in Table 2, but since
the relative luminosities of the objects (at least for A and
B) are dierent on the images used in our co-addition,
these results are only rough estimates. The calibration for
the determination of the magnitudes has been done by
using the R magnitude of UM 425A given by Meylan &
Djorgovski (1989), although this magnitude is aected by
an error of a few percent. The relative positions were com-
puted by tting a two-dimensional gaussian prole to the
objects.
Hes and Smette (1995) analyze a spectrum of UM 425C
and show that this component is denitely not a quasar
but a galaxy. To our knowledge, no spectrum has been
obtained for UM 425D and its nature is still unknown.
However, its fuzzy aspect seems to indicate that it is pro-
bably an intervening galaxy, which might play a role in
the gravitational potential.
An additional diuse object, UM 425E, is detected on our
composite image. One can also notice a very faint feature,
north of UM 425A (arrows on Fig. 3 and Fig. 4). Our data
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Fig. 4. Result of PSF subtraction performed on 29 individual
images of UM 425. The residuals were co-added as exposed in
the text. The eld is 14
00
 14
00
(North-East at the upper-left),
with a pixel size of 0:
00
175. The circle is centered at the position
of UM 425B and its diameter corresponds to the FWZI of UM
425B (3.2
00
). No signicant residuals can be seen, although the
deector is expected to be very close to UM 425B.
do not allow to ascertain the nature of this feature, which
might also be an artefact on one or several image(s) in the
sum.
Taking into account only the images with a good sam-
pling, we investigated PSF subtraction on UM 425A and
B. Since the quasar's components are variable and that
the individual PSFs are not axisymetric, the subtraction
could not be performed on the co-added image because
the proles of the star and of the A and B components
on the co-added nal image are not identical anymore.
We thus constructed the empirical PSFs, for each frame,
using the only available star in eld (star S in Fig. 1).
Since UM 425A is much brighter than the star, the PSF
obtained did not provide residuals of high quality after
subtraction from this component. However, as explained
earlier, the deector responsible for the lensing eect is
expected to be very close, angle-wise, to UM 425B. Thus,
we subtracted the PSF from UM 425B and co-added the
residuals obtained with the weighting system described
previously. The result of such a process is shown in Fig
4. The nal limiting magnitude is m
R
 24 (3
sky
above
Table 2. Relative positions of the objects around UM 425A
and their R magnitude. The magnitudes of components C, D
and E were derived by aperture photometry, because of their
fuzzy aspect. Note that the uncertainty on the magnitude of
UM 425B takes into account the fact that this component is
highly variable.
Object x y m
R
(
00
) (
00
)
UM 425A 0 0 15:7 0:2
UM 425B +3:2 0:1 +5:7 0:1 20:1 0:6
UM 425C  6:8 0:2  1:6 0:2 21:3 0:2
UM 425D  4:0 0:2  4:7 0:2 23:1 0:2
UM 425E +5:9 0:2 +1:0 0:2 22:4 0:2
the sky level). The image has been enlarged, to show the
details of the residuals.
Even if the subtraction is not perfect, we nd no obvious
deector close to UM 425B, down to a R magnitude of 24.
However, we hope to obtain soon deeper imaging, with
data of homogeneous quality, with a better resolution and
sampling, to draw a denite conclusion concerning the de-
tection of the deector and the nature of the feature North
of UM 425A.
6. Conclusion
This 7 year monitoring allowed to investigate the light
curves of components A and B of the gravitational lens
candidate UM 425. The strong peak in intensity present
in the relative light curve appears to be due to a variation
of the faint component of the system.
There are two possible explanations for this variation.
First it could be due to an intrinsic variation of the quasar,
in which case a lower limit of 3 years on the time delay can
be derived, which is still too low to constrain H
0
. Second,
it could be due to a microlensing event in the faint com-
ponent of the system, giving an estimate of the size of the
source of  2 10
 3
pc. This size, fully compatible with the
sizes expected for AGNs (the continuum region), seems to
support the latter interpretation. However, the possibility
of a microlensing eect has still to be conrmed, as well
as the lensed nature of UM 425.
Our deep image does not allow the detection of the deec-
tor nor of any arc or arclet, down to a limiting magnitude
ofm
R
 24. We do, however, detect one object, UM 425E,
not observed by Meylan and Djorgovski, as well as a fuzzy
extension, North of UM 425A, whose nature is doubtful.
Deeper imaging and spectroscopic studies of this system
have to be carried out in order to draw denite conclu-
sions concerning the nature of the objects surrounding UM
425A.
Pursuing the monitoring of this gravitational lens candi-
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date thus seems very promising, both for the study of mi-
crolensing events, and for the determination of the Hubble
constant H
0
.
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